Objective. Sleep quality and ethnicity are related to a host of general health outcomes including the experience of pain, yet it remains unclear whether poor sleep quality and ethnicity might interactively affect pain catastrophizing and laboratory-evoked acute pain reports. The current study examined the cross-sectional associations of subjective sleep quality, ethnicity, and their interaction with pain catastrophizing and pain reports. 
Introduction
Catastrophizing, a negative emotional and cognitive response to pain, is a passive and maladaptive coping strategy that has previously been shown to exert a potent influence on individuals' experiences of pain and accompanying emotioal distress (see [1] for review). Pain catastrophizing has been shown to predict important clinical outcomes such as greater chronic pain severity and related disability [1, 2] . Similarly, in experimental studies involving healthy volunteers, catastrophizing has been reliably associated with increased pain sensitivity [3] and with diminished endogenous pain inhibitory controls [4] . Most of the research to date has examined catastrophizing as an independent predictor of pain-related outcomes. Accordingly, it is now generally well accepted that catastrophizing is a consistent risk factor for a host of negative pain experiences and reduced quality of life. Despite the established evidence base linking catastrophizing with negative pain outcomes, far less research has been dedicated to the examination of factors that might contribute to an individual's propensity for engaging in passive coping strategies such as pain catastrophizing.
In recent years, it has become increasingly evident that insufficient sleep and poor sleep quality are highly predictive of individuals' pain experiences (e.g., poor sleep quality is related to greater pain severity) as demonstrated in laboratory and clinical studies of sleep and pain (see [5] for review). Although sleep has garnered increased attention for its relation to acute and chronic pain, far less attention has been given to the explanatory mechanisms that may underlie the sleep and pain relation. Psychosocial factors represent one potential domain explaining how sleep relates with pain, particularly pain catastrophizing. To date, no published study has examined the relation between sleep quality and pain catastrophizing. However, the possibility that sleep quality exerts an effect on pain catastrophizing can be gleaned from other studies, which have demonstrated that poor sleep quality is related to increased trait and state anxiety and increased emotional distress [6, 7] . Given that anxiety and emotional distress are constructs that overlap with pain catastrophizing, and are related to poor sleep quality, it seems plausible that poor sleep quality may also be related to pain catastrophizing.
When examining the relations among sleep quality, pain catastrophizing, and reports of pain, individuals' ethnic background should be considered. A recent review of the literature [8] examined laboratory and clinical studies of ethnic differences in pain and revealed two general, yet key, themes: 1) findings from laboratory-based studies suggest greater sensitivity to experimental pain stimuli among African Americans compared with Caucasian Americans, and 2) higher levels of pain and disability have been reported among African Americans relative to Caucasian American patients that were treated for a variety of acute and persistent pain conditions. Furthermore, it has been recently demonstrated that individuals' reports of catastrophizing during experimental noxious stimulation varied as a function of their self-selected ethnic background [9] , yet findings are mixed with some studies reporting no relation between ethnicity and pain catastrophizing [10] . Lack of consistent results suggests that, in addition to exerting a direct effect, ethnicity may also act indirectly to affect catastrophizing. Lack of consideration for potential indirect effects is one possible explanation for why some studies have not demonstrated ethnic differences in catastrophizing. Although the direct relation between ethnicity and the use of passive coping strategies such as catastrophizing has previously been tested [11, 12] , whether ethnicity acts indirectly via a third variable (e.g., sleep quality) to influence pain catastrophizing remains untested. However, this seems reasonable given that ethnic differences in patterns of sleep and sleep quality have also previously been reported [13, 14] , with African Americans generally sleeping more poorly than their Caucasian American counterparts. Despite documented ethnic differences in pain and sleep, the research investigating these topics has produced few firm generalizations, in part because ethnicity, sleep, and pain are multidimensional constructs that vary by individual and are shaped by culture. Explaining how and why ethnic differences in sleep and pain occurs remains a challenge and additional research seem warranted.
Ethnicity may be particularly relevant to the relation between sleep quality and pain catastrophizing because the biopsychosical model suggests that health behaviors (i.e., pain reporting) may be shaped by interactions among biological, psychological, and social variables [15] , all of which are involved in an individual's identification with one or more ethnic groups. A shortcoming of the previous research investigating ethnic differences in sleep and pain has been the lack of inclusion of other ethnic groups beyond African American and Caucasian Americans. For instance, much less is known about the sleep and pain experiences of Asian Americans. Therefore, the current study examined the associations between ethnicity, subjective sleep quality, standard and situation-specific pain catastrophizing, and pain reports to a cold pressor task (CPT) in a multiethnic sample of self-identified Caucasian American, African American, and Asian Americans (Figure 1 ). Using laboratory pain testing procedures, we examined the following: 1) Is subjective sleep quality, and parameters of sleep quality such as sleep efficiency and total sleep time, related to catastrophizing processes and pain reports?; 2) Are there significant ethnic differences in the report of pain catastrophizing and pain experiences?; and 3) Is there an interactive effect between 
Methods

Participants
For recruitment purposes, study flyers were hung throughout the campus of an urban mid-Atlantic university. Any person with faculty, staff, or student status was eligible for participation. Individuals interested in participation initially completed a web-based screening form, the address of which was posted on the study flyer. Eligible participants met the following criteria: 1) between the ages of 18 and 45 years; 2) no ongoing chronic pain problems; 3) not diagnosed with hypertension or taking medications for blood pressure; 4) no circulatory disorders; 5) no history of cardiac events; 6) not pregnant; 7) no history of metabolic disease or neuropathy; 8) not currently using prescription medications including analgesics, tranquilizers, antidepressants, or other centrally acting agents; and 9) no mental health disorders (e.g., depression). Following completion of the web-based screening, eligible participants were contacted via electronic mail to set a time when they were to present to our laboratory. Participants were instructed to refrain from using alcohol, nicotine products, and nonprescription medications on the day of participation. In addition, participants were asked to abstain from caffeinated beverages and vigorous exercise for at least 2 hours before study participation. A total of 155 healthy college students from four ethnic groups (86 Caucasian Americans, 35 Asian Americans, 28 African Americans, and 6 Hispanic American) participated in the current study. These college students encompassed a wide range of academic affiliations and major areas of study. Participants were compensated for their participation.
Procedures
Data were collected as part of a multifactorial study examining the ethnic and psychophysiological correlates of experimentally-induced acute pain sensations [16] . Participants completed a single 90-minute laboratory session. Several health behavior and pain-related questionnaires were administered before and after the pain testing. For quantitative sensory testing, participants were paired with experimenters of the same sex to minimize the effects of experimenter sex on participants' report of pain [17] . All study procedures were approved by the University of Maryland, Baltimore County Institutional Review Board, and informed consent was obtained before the initiation of study procedures.
Cold Pressor Pain
Cold pressor pain was assessed by having participants immerse their hand up to the wrist in 4°C water. The water temperature was maintained (+/-1°C) by a refrigeration unit (Neslab, Portsmouth, NH), and was constantly circulated to prevent local warming around the submerged hand. Participants were instructed to immerse their dominant hand into the water bath for as long as possible. Similar to Dixon et al. [18] , participants were encouraged to keep their hands immersed for at least 2 minutes during the CPT immersion, but were told they could remove their hand at any time they chose. Unknown to participants, the maximum permitted immersion time was 300 seconds.
Pain Intensity and Unpleasantness
A description of the difference between pain intensity ("How strong the pain feels") and pain unpleasantness ("How unpleasant or disturbing the pain is for you") was read to all participants. Following this, pain intensity and pain unpleasantness were assessed during the CPT by asking participants for verbal self-reports on 0-100 scales, with 0 = "No pain" (or "Not at all unpleasant") and 100 = "Pain as intense as I can imagine" (or "Pain as unpleasant as I can imagine"). Pain intensity and unpleasantness ratings were obtained every 30 seconds throughout the 300-second painful procedure (maximum 10 ratings for each pain descriptor), and at the exact time the task was discontinued. Pain intensity and unpleasantness ratings were averaged over the course of the CPT trial and included in statistical analyses. Whether participants completed the entire CPT, or terminated the task prior to the allotted maximum time of exposure, the duration of exposure was recorded and classified as "pain tolerance."
Questionnaires
Pittsburgh Sleep Quality Index (PSQI)
The PSQI is a self-rated questionnaire, which assesses sleep quality and disturbances over a 1-month time interval [19] . Nineteen individual items generate seven "component" scores: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medications, and daytime dysfunction. Each of the seven component scores is weighted equally on a scale from 0 to 3, 0 indicating no difficulty and 3 indicating severe difficulty. The sum of scores for these seven component scores yields one global score, ranging from 0 to 21. Higher scores indicate worse sleep quality, and a global PSQI score > 5 is consistent with poor sleep quality. The seven component scores of the PSQI have previously been shown to possess good internal consistency (a = 0.83), and the overall global score has demonstrated good test-retest reliability (r = 0.87) [16] . In the current study, internal consistency for the PSQI components was acceptable (a = 0.75).
Beck Depression Inventory (BDI)
The BDI is a 21-item self-report measure designed to assess DSM-IV depressive symptomatology in adolescents and adults [20] . Respondents are asked to rate each of the depressive symptoms, ranging from 0 (not present) to 3 (severe), in terms of how they have been feeling during the past 2 weeks. The BDI is designed to provide a single overall score that can range from 0 to 63.
The BDI has well-established psychometric properties [21] and the internal consistency of the BDI in the current study was good (a = 0.81).
Standard Pain Catastrophizing Scale (PCS)
The standard PCS is a 13-item scale that assesses catastrophic thinking in response to pain [22] . The standard PCS assesses catastrophic pain-related cognitiveemotional processes by asking participants to recall their experiences during a past occurrence of pain. In the current study, as is typically done in experimental pain studies, the standard PCS was administered prior to the initiation of the laboratory pain task and was considered an assessment of individuals' tendency to engage in painrelated catastrophizing. The PCS total score, calculated by summing the 13-item responses, provides a good index of the catastrophizing construct through the inclusion of the highly correlated subscales of helplessness, rumination, and magnification. Higher scores on the PCS are indicative of greater pain-related catastrophizing. The internal consistency of the standard PCS in the current study was very good (a = 0.86).
Situation-Specific PCS
The situation-specific PCS used the same 13 items as the standard PCS, with modified instructions, and item wording. The situation-specific PCS was administered immediately following the completion of the laboratory pain task and the instructions asked participants to refer to the pain experienced during the laboratory painful tasks when answering the questions pertaining to pain-related catastrophizing. The modified instructions used in the current study asked participants about "the thoughts and feelings you had during the painful procedures you just experienced." The internal consistency of the situationspecific PCS in the current study was excellent (a = 0.91). Recent laboratory-derived reports suggest assessment of situational catastrophizing (i.e., the assessment of current catastrophic thinking during an experimental pain task) better predicts individuals' propensity to report pain and distress during experimental acute pain induction [4, 18] .
Data Reduction and Analysis
Using the PSQI global score as an index of sleep quality, each individual was categorized as either a "good sleeper" (global score < 5) or "poor sleeper" (global score Ն5). In addition to the global score, we secondarily examined individuals' scores on the habitual sleep efficiency and sleep duration components according to commonly accepted cut values. For habitual sleep efficiency, participants were categorized as "good sleepers" if sleep efficiency was Ն85% or "poor sleepers" if sleep efficiency was <85%. Similarly, participants were categorized as either "good sleepers" if sleep duration was >6 hours or "poor sleepers" if sleep duration was Յ6 hours [23, 24] .
All statistical analyses were performed using SPSS version 17.0 (SPSS Inc. Chicago, IL). Pearson correlations were used to assess zero-order relations among study variables. Descriptive statistics were computed, and the significance of ethnic group differences, and sleep quality parameters on catastrophizing was determined by multifactorial analysis of variance (ANOVA). Due to unequal ethnic group and good vs poor sleep quality samples sizes, the parametric assumptions of data normality and homogeneity of variance were initially examined using Shapiro-Wilk and Levene's tests, respectively. Significant interaction and main effects were further analyzed by Bonferroni adjusted post-hoc tests using Tukey's Honestly Significant Difference. Analyses include the partial h 2 as a measure of effect size where appropriate. Following the conventions of Cohen [25] , partial h 2 = 0.01 is considered a small effect, partial h 2 = 0.06 a medium-sized effect and partial h 2 = 0.14 a large effect. In addition, chi-square analyses were completed to examine ethnic differences across categorical data. Analysis of covariance (ANCOVA) was used to examine relations between ethnicity, sleep quality (global score, efficiency, duration), and the various measures of catastrophizing. Significance was set at the 0.05 level unless multiple comparisons necessitated a control for type 1 error inflation.
Results
Participant Characteristics
Within the full cohort of 155 persons, 78 (50%) participants were men and the mean age was 19.9 years, SD = 2.9 (range = 18-38 years). All were full-time college students; 60 (39%) were freshman, 33 (21%) were sophomores, 26 (17%) were juniors, 32 (20%) were seniors, and 4 (3%) were graduate students. At the time of assessment, 65 (42%) participants were working for pay in addition to being a full-time student; of those who were working, 48 (31%) worked less than 20 hours per week, 11 (7%) worked 21-30 hours per week, 4 (3%) worked 31-40 hours per week, and 2 (1%) worked more than 40 hours per week. For the sake of data analysis, occupational status was coded as either 0 = not currently working for pay or 1 = currently working for pay. Four participants (3%) reported being married, the rest were single. Eighty-six (55%) participants were Caucasian American, 35 (23%) were Asian American, 28 (18%) were African American, and 6 (4%) reported of Hispanic origin. Due to small sample size, the six Hispanic American participants were not included in any further analyses; these individuals did not significantly differ from any other ethnic group on subjective sleep quality or catastrophizing reports (all P values > 0.10). The final sample size was 149 individuals (Caucasian American, Asian American, and African Americans).
Zero-Order Correlations
The zero-order correlations for all study variables are shown in Table 1 . Consistent with the study hypotheses, PSQI global sleep quality was significantly and positively related to standard and situation-specific pain catastrophizing. In addition, sleep quality was significantly correlated with depressive symptoms. Standard catastrophizing was positively correlated with depressive symptoms and occupational status, while CPT immersion time was inversely correlated with situation-specific catastrophizing.
Ethnic Differences
Descriptive statistics for depressive symptoms, CPT immersion time, global sleep quality, standard and situation-specific catastrophizing reports are presented separately for each ethnic cohort in Table 2 . Univariate ANOVA (omnibus F-test) demonstrated that Caucasian American, Asian American, and African Americans did not significantly differ on ratings of PSQI global sleep quality (F(2, 146) = 2.07, P = 0.13) or standard reports of pain catastrophizing (F(2, 146) = 1.21, P = 0.30). Significant ethnic differences were detected for BDI scores (F(2, 146) = 4.86, P < 0.01); Asian Americans reported greater depressive symptoms than Caucasian Americans but not African Americans. Ethnic group differences also emerged for CPT immersion time (F(2, 146) = 6.98, P < 0.01); Caucasian Americans kept their hands immersed longer than Asian Americans and African Americans. Group differences were observed for situation-specific reports of pain catastrophizing (F(2, 146) = 14.84, P < 0.001); African Americans reported greater situational catastrophizing than Caucasian Americans but not Asian Americans. Further, chi-square tests showed that ethnic group distribution significantly differed by sex (c 2 (2) = 7.91, P = 0.02) and occupational status (c 2 (2) = 4.03, P < 0.05). More African American and Asian American women than African American and Asian American men participated in the study; conversely, there were more Caucasian American men than Caucasian American women. Additionally, more African Americans reported being employed (57%) relative to Asian Americans (31%) but not Caucasian Americans (42%).
Covariates
The following variables were included as statistical controls in all subsequent analyses examining the interactive relation between sleep quality and ethnicity with catastrophizing: participants' sex, depressive symptoms, CPT immersion time, and occupational status. The rationale for inclusion of these statistical controls is as follows: 1) , 139) = 5.27, P = 0.02, hp 2 = 0.037) and a nonsignificant main effect for ethnicity (F(2, 139) = 1.15, P = 0.32, hp 2 = 0.016). Additionally, there was a significant ethnicity ¥ global sleep quality interaction for standard catastrophizing reports (F(2, 139) = 6.06, P = 0.003, hp 2 = 0.080). Because the interaction between ethnicity and global sleep quality was significant, ethnic differences in standard catastrophizing for "good sleepers" and "poor sleepers" were examined separately. To control for Type I error rates across the two simple main effects, alpha was set for each at 0.025. For good quality sleepers, there were no significant differences in standard catastrophizing across ethnic groups (F(2, 99) = 1.30, P = 0.28, hp 2 = 0.026); however, there were significant ethnic group differences among poor sleep quality sleepers (F(2, 36) = 4.75, P = 0.015, hp 2 = 0.209). Follow-up post-hoc tests with a Bonferroni adjustment (alpha set to 0.017) were conducted to evaluate the three pair-wise differences among the means for poor quality sleepers. It was demonstrated that African Americans produced significantly greater standard catastrophizing reports than both Caucasian Americans (P = 0.013) and Asian Americans (P = 0.015). There was no significant difference between Caucasian Americans and Asian Americans (P = 0.65). Figure 2 demonstrates these differences as a bar graph.
Situation-Specific Catastrophizing
Situation-specific catastrophizing was found to be approximately normally distributed with homogenous variances across ethnic groups and sleep quality parameters as indicated by Shapiro-Wilk statistics (P > 0.05) and Levene's test (F(5, 143) = 1.05, P = 0.39), respectively. Although results did reveal significant mean differences across situation-specific catastrophizing for ethnicity (F(2, 139) = 8.19, P < 0.001, hp 2 = 0.105), there were no significant effects detected for global sleep quality (F(1, 139) = 1.47, P = 0.23, hp 2 = 0.010) or the ethnicity ¥ global sleep quality interaction (F(2, 139) = 0.20, P = 0.82, hp 2 = 0.003). Adjusted post-hoc contrasts demonstrated that African Americans reported significantly greater situation-specific catastrophizing than Caucasian Americans (P < 0.001) and Asian Americans (P < 0.01) regardless of reported sleep quality (see Table 1 for exact means). There was no significant difference shown between Caucasian Americans and Asian Americans (P = 0.27).
To further probe the relations among ethnicity, sleep quality, and situation-specific catastrophizing, additional exploratory analyses were completed as stated in the initial hypothesis. Specifically, the habitual sleep efficiency and total sleep duration components of the PSQI global composite were examined in relation to ethnicity to determine any interactive effect on situation-specific catastrophizing. Adjusted analysis revealed a significant ethnicity ¥ habitual sleep efficiency interaction for situation-specific catastrophizing reports (F(2, 139) = 4.02, P = 0.02, hp 2 = 0.056). Considering ethnic differences in situation-specific catastrophizing for good (Ն85% sleep efficiency) and poor (<85% sleep efficiency) sleepers separately, no significant differences in situation-specific catastrophizing across ethnic groups were demonstrated for good sleep efficiency sleepers (F(2, 111) = 1.72, P = 0.18, hp 2 = 0.030). However, there were significant differences for poor sleep efficiency sleepers (F(2, 24) = 8.53, P = 0.002, hp 2 = 0.415). Similar to the pattern demonstrated for standard catastrophizing reports, pair-wise differences demonstrated that African Americans produced significantly greater situationspecific catastrophizing reports relative to their Caucasian Americans (P = 0.003) and Asian American (P = 0.004) counterparts (Figure 3 ). There was no significant difference between Caucasian Americans and Asian Americans (P = 0.87). Figure 2 demonstrates these differences as a bar graph. Lastly, we did not detect a significant 
Pain Reports
Caucasian Americans kept their hands immersed in the cold pressor (i.e., pain tolerance) significantly longer than Asian Americans and African Americans (F(2, 146) = 6.98, P < 0.01). Furthermore, immersion time (i.e., pain tolerance) was found to correlate with pain intensity (r = -0.39, P < 0.001) and pain unpleasantness reports (r = -0.43, P < 0.001) regardless of ethnic affiliation. Because time in the water accounted for significant variance in pain reports, we controlled for this variable in analyses examining ethnicity, sleep quality, and pain intensity and unpleasantness. Results of ANCOVA did not demonstrate any significant main or interaction effects for ethnicity and sleep quality in relation to reports of pain intensity or unpleasantness (p > 0.30). However, correlational analyses did reveal significant associations between pain catastrophizing, pain reports, and pain tolerance. Specifically, standard catastrophizing was significantly correlated with reports of pain intensity (r = 0.19, P = 0.02) but not unpleasantness (r = 0.13, P = 0.11) or pain tolerance (r = -0.14, P = 0.08). Situation-specific catastrophizing was significantly correlated with reports of pain intensity (r = 0.43, P < 0.001), unpleasantness (r = 0.47, P < 0.001), and pain tolerance (r = -0.35, P < 0.001). These results provide preliminary and indirect evidence suggesting that ethnic differences significantly interact with sleep quality in relation to pain catastrophizing and, in turn, catastrophizing is significantly associated with pain ratings and CPT immersion time (pain tolerance).
Discussion
Poor sleep quality has a deleterious impact on individuals' physical and mental health, occupational functioning, and overall quality of life [27] . Of particular relevance here, research involving clinical samples and healthy individuals exposed to controlled laboratory stimuli has documented reliable relations between poor sleep and increased pain severity [28, 29] . However, the association between sleep quality and psychosocial contributors (e.g., pain catastrophizing) to negative pain outcomes has not received much attention and remains unclear.
Catastrophizing is a known psychosocial contributor to worsened pain outcomes, and it has been suggested that African Americans engage in greater pain catastrophizing compared with Caucasian Americans [9, 12] . As such, an examination of the relation between sleep quality and pain catastrophizing should consider ethnicity. This is because ethnicity has previously been shown to interact with sleep habits in relation to a host of clinical outcomes including blood pressure [30] , catecholamine levels [31] , and health-related quality of life [32] . Furthermore, in a study investigating sleep architecture, polysomnography revealed that African Americans experienced the greatest amount of nonrestorative sleep, characterized by poor sleep efficiency, frequent awakenings, and little slow wave (delta) sleep, relative to other ethnic groups [33] . Taken together, it is plausible that ethnicity could interact with sleep quality in relation to pain catastrophizing and other pain-relevant outcomes. The purpose of this study was to address the interaction of ethnicity with sleep quality in relation to reports of standard and situation-specific pain catastrophizing in a multiethnic sample of young, healthy adults exposed to the CPT.
Ethnic differences in the standard measure of pain catastrophizing were only significant for those who selfreported as "poor sleepers." Among individuals with poor sleep quality, African Americans produced the greatest reports of standard catastrophizing when compared with Asian Americans and Caucasian Americans, who did not differ from each other. Ethnic differences in standard catastrophizing were not significant for "good sleepers". These findings provide one potential explanation for why some studies have found ethnic differences in catastrophizing [12] while others have not [10] . Ethnic differences in pain catastrophizing may be dampened when the sample is comprised of participants who sleep well, yet ethnic differences in catastrophizing may be potentiated when the sample is comprised of poorly sleeping participants. It should be mentioned that a particular strength of the current study is the inclusion of three separate ethnic groups. The majority of studies that have previously investigated ethnic differences in health-related outcomes only examined African Americans and Caucasian Americans. The finding that Asian Americans with poor sleep quality did not self-report greater standard or situation-specific pain catastrophizing compared with Caucasian Americans is novel and is deserving of further exploration. Future studies should more specifically examine whether African Americans, in particular, rather than minority groups, in general, may be susceptible to the ill effects of poor sleep quality on pain coping strategies.
Figure 3
Ethnic differences in situation-specific catastrophizing according to habitual sleep efficiency.
Support was not provided for the interactive effect of ethnicity by PSQI global sleep quality in relation to situation-specific measure of pain catastrophizing. While the reason(s) for the differences in relational patterns among ethnicity and sleep quality with standard and situation-specific catastrophizing is not abundantly clear, it may be that results vary as a function of catastrophizing assessment. Previous studies have shown that standard and situation-specific assessments of catastrophizing yield somewhat different information [34] . Therefore, the interaction between sleep quality and ethnicity may differently relate to catastrophizing as a function of situationspecific measurement (i.e., degree of catastrophizing in a specific painful situation) as opposed to standard measurement (i.e., a person's general tendency to catastrophize when in pain). Despite the lack of an interactive effect between PSQI global sleep quality and ethnicity in relation to situation-specific catastrophizing, additional analyses revealed that habitual sleep efficiency did significantly interact with ethnicity to affect situation-specific catastrophizing reports. Previous studies have confirmed the importance of sleep efficiency as an important sleep quality parameter in relation to pain [35, 36] . Among those with poor sleep efficiency(i.e., Յ85%), African Americans reported elevated situational catastrophizing scores relative to Asian Americans and Caucasian Americans; there was no significant difference between the latter two ethnic cohorts. Among those individuals with habitual sleep efficiency >85%, no ethnic differences in situation-specific pain catastrophizing were demonstrated.
It is important to note that in the present study, mean PSQI global sleep quality scores were not significantly different across the three ethnic groups. This may be interpreted such that sleep quality did not directly differ as a function of individuals' ethnic background. However, significantly elevated pain catastrophizing reports were found for poorly sleeping African Americans compared with their poorly sleeping Caucasian American and Asian American counterparts. These findings suggest that individual differences in subjective sleep quality contribute to variability in the report of pain catastrophizing within the African American group, and that this association is less robust among Caucasian Americans and Asian Americans (e.g., although individual differences exist among Caucasian Americans and Asian Americans in their sleep quality, this variability is less influential on their reports of pain catastrophizing). Ethnicity and sleep quality also did not significantly interact in relation to CPT-induced pain reports or pain tolerance; however, both standard and situation-specific measures of catastrophizing were correlated with pain tolerance and ratings of pain intensity and unpleasantness. These results may indirectly support the ability of the sleep quality-ethnicity interaction to affect pain reports through pain catastrophizing processes; however, additional studies are necessary to confirm this hypothesis.
It should be noted that this cross-sectional study, with observational data, was not designed to demonstrate causal relations; however, it does preliminarily relate poor sleep quality to heightened pain catastrophizing and suggests that this relation varies as a function of self-reported ethnic background. The current study does not rule out the possibility that the associations among ethnicity, poor sleep quality, and pain catastrophizing may be bidirectional or co-occurring. That is, African Americans who express greater catastrophizing in relation to daily aches and pains may prime themselves for a poor night's sleep, which in turn could elicit self-reports of poorer sleep quality. Another potential factor affecting the pattern of the sleep quality-pain catastrophizing relation might be whether the painful stimulation experienced is acute or chronic. For instance, in a sample of healthy, pain-free individuals, there may be a greater likelihood for poor sleep quality to influence catastrophizing about a single, acutely painful stimulus. Conversely, in a clinical sample of individuals afflicted with a painful condition, chronic rumination and feelings of helplessness characteristic of catastrophizing may be more likely to negatively impact sleep quality over time. This assertion is speculative and extends beyond well-accepted fact. Therefore, the explanation may be plausible but evidence supporting this explanation is currently lacking.
The current study's findings call for consideration to be given to sleep and catastrophizing as potential treatment targets when treating painful conditions among African Americans. Addressing sleep quality may have a beneficial effect on African American's pain experience or their perceptions regarding their ability to cope with their pain. Current evidence supports cognitive-behavioral therapies (CBT) for the effective treatment of chronic pain [37] , and demonstrates improvements in pain, mood, coping, and functional outcomes [38, 39] . These approaches have more recently begun to address pain catastrophizing [40, 41] , but may not regularly incorporate assessment or treatment of sleep as a treatment module. Whether improvements in pain catastrophizing can be produced by improving African American's sleep quality remains unknown and is a point for future investigation. Results of this study suggest that pain catastrophizing should continue to be a regular component of CBT for pain, but that sleep should also be included in treatment approaches, particularly among African Americans.
The present study possesses several limitations and qualifications that merit caution when interpreting the findings. First, study participants self-reported their ethnic background using relatively broad categories; further subdivision of individuals' perceived ethnicities and cultural backgrounds may provide additional valuable information. Another limitation is that all study participants were college students, and college students have previously been shown to regularly maintain atypical sleep habits [42] . As a consequence, the generalizability of these findings is not perfectly clear and replication of these effects in other samples will be quite pertinent. Given that sleep deficits and catastrophizing are typically higher and more variable in clinical pain [1, 5] , the associations among ethnicity, sleep quality, and pain catastrophizing may well be stronger in clinical populations than what was found in our nonclinical sample. Lastly, in the present study, sleep quality was subjectively reported using the PSQI. Although the PSQI is largely considered the gold standard for the self-report of sleep quality, future studies would benefit from a multimethod approach to sleep assessment that includes objectively derived sleep parameters (e.g., via polysomnography and actigraphy). Such assessment would allow for enhanced understanding of how specific domains of sleep quality (e.g., waking after sleep onset, latency, and sleep duration) may affect pain coping processes. In spite of these limitations, our findings identify selfreported sleep quality as a potentially important and previously unattended factor related to individual differences in the report of pain catastrophizing among African Americans. Continued investigation of ethnic differences in pain coping strategies, and the mechanisms underlying them, appears warranted. Researchers studying sleep in ethnic minority groups may wish to examine whether cognitive-behavioral treatments that improve sleep quality produce concomitant improvements in pain catastrophizing processes as a function of improved sleep.
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